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The U. S. Departnment of Energy (DOE) has sponsored a series of
pilot-scale plasma incineration tests at MSE Technol ogy
Applications, Inc. (MSE) under DOE Contract Nunber DE- AC22-
96EVW6405 in Butte, MI, during FY97 and FY98 under the DOE s

M xed Waste Focus Area’s (MAFA) Controlled Em ssions
Denmonstration (CED) Program Two sub-tasks under the CED program
were to evaluate the performance of new Russian DeNQ, SCR

catal ysts and the performance of a pul sed corona di scharge offgas
treatnment unit for the renoval of high concentration oxides of
nitrogen (NQ) fromthe offgas generated by a plasma arc furnace.

Russi an Pul sed Corona Di scharge Unit

The Pul satech™ pollution control technol ogy, devel oped by

Pul satron, LTD., Los Angeles, Ca. and SEDB Hori zont of Mscow,
Russi a, uses pul sed corona discharge to produce high-energy
atons, nolecules, ions, and radicals fromGO, N, water vapor,
and ot her offgas conponents to cause the degradati on of gaseous
pol I utants, such as Nox, Sox, hazardous organics, and gaseous
mercury conpounds. Gases entering the conbustion chanber are
energi zed by electrical pulses froma specially shaped
coronating electrode installed coaxially with an outer shell in
the reaction chanber. Peak voltage of the pulses is up to 120
kilovolts to ground. The repetition rate of the pulses is 120
hertz wth each pul se having a duration of 200 nanoseconds.

Treated pollutants are condensed on the grounding el ectrode (the
steel tube surrounding the coronating electrode) and are renoved
with water during a washing cycle. This technology is predicted
to al so renove particulate matter due to the presence of the
constant electric field in the through el ectrode space.

The Pul satech™ device consists of four vertical stainless steel
tubes (reaction chanbers that al so act as groundi ng el ectrodes)
and a high voltage central electrode installed within each tube.
The overall effect of the pul sed corona discharge in the device
is to oxidize contamnants in the gas stream For instance, NO
w Il be oxidized to an activated nitrogen dioxide or trioxide
(NGO, or NO;)that will react with available amonia (NH;) to form
N, and water vapor, alternately, amonia nitrate may form and
mgrate to the reactor wall. Sul fur conpounds in the gas
processed in the Pul satech™ device will be oxidized to sulfuric



acid or ammoni a sul phate ((NH,), SO,) in the presence of NH, in a
simlar manner. Trace organic conpounds will end up as carbon
di oxide (CO) and water if oxidized conpletely.

The followng were the primary initital test objectives for the
Pul sat ech™ pol | uti on control device:

« Determine to what extent the Pul satech™device can renpve NG,
with NH; injection.

 Denponstrate the Pul satech™ pollution control device can
destroy 95% of the NQ, generated by the PACT-6 plasma torch
with acceptable NH; slip (75% reduction of NH, injected into
the reactor).

O fgas was drawn directly fromthe primary plasma chanber, pre-
filtered and fed into the Pul satech™ unit at a rate of 2 I b/mn
at approximately 175° F.

Wil e the Pul satech™ device was unable to achieve the test
objective of 95% renoval efficiency for NQ fromthe plasma
furnace, the NQ, concentrations levels (3,000ppmto 9, 000ppm
were higher than the Pul satech™ design renoval rate of 2,000 ppm
No,. Neverthel ess, the Pul satech™ technol ogy was proven
successful at renoving 80% of the high levels (9,000 ppm of NQ
with variations in tenperature, nmoisture, NH;, and O, content.
The NH;, slip test objective to not exceed 25% of injected NH;

| evel s was net during testing. These conclusions are based on
data from January 8, 1998, testing. The equi pnent supplier
believes that a nodification to the unit, which would increase

t he pul ses per second from 120 to 800, would allow the unit to
remove 95% of the NQ, due to increased average process power.

The unit operated with only one failure during its approxi mately
23 hours of operation, and this stoppage was caused by a bad

sol der connection that was easily repaired. The unit was
operated renotely for the magjority of testing, and operation of
the unit is not operator intensive.

Testing is continuing in order to denonstrate the destruction
capabilities of the Pulsatech™ device on hazardous organic
surrogates. Tests are presently being conducted to test the
unit’s ability to destroy toluene, 1-1-1 trichlorethane, benzene,
and chl orof orm

Thi s technol ogy coul d possibly be applied to the possible dioxin
production issues at the DOE's Consolidated Incinerator Facility
at Savannah River, Ceorgia, or the Waste Experinental Reduction
Facility at the lIdaho National Environnmental Engineering

Laboratory (INEEL). It could also possibly be applied to sol ve



t he gaseous nercury problens that are known, suspected, or could
exist in future waste treatnent canpaigns of the four DCE m xed
waste thermal treatnment facilities, including the Calciner at the
| NEEL and the Toxic Substance Control Act Incinerator at QGak

Ri dge National Laboratory.

Russi an Catal ysts

The objectives of this testing were to conpare perfornmance of
Russi an catal ysts with performance of an operating standard
catalyst. The ideal Russian catalyst is purported to be
environnmental |y benign (disposable in a regular landfill after
useful life) and | ess expensi ve.

Three Russi an m xed/ oxi de catalysts (1C44/1-700, |IC 45, and

| C-47) devel oped in FY96 at the Boreskov Institute of Catalysts
i n Novosi birsk, Russia were tested against a comrercially
avai | abl e vanadi um and tungsten oxi des on a titanium oxide
carrier catalyst at various tenperatures ranging from 240 to 380
°C, with various ratios of ammonia (NH3): NGO (0.8:1 to 1.5:1),
and at high inlet NO; concentrations [from 2,300 to 3,900 ppnv
with a nitrogen dioxide (NOy)/nitric oxide (NO ratio from 1:50
to 1:4]. The catalysts were tested in a 20 Ib/mn (262scfm

of fgas | oop of the Plasma Arc Centrifugal Treatnment (PACT-6)
system

Two DeNOx units, a standard MSE catal ytic reactor and a smaller
slipstreamunit containing five Russian catalyst blocks were
installed in parallel downstream of the induced-draft stack

bl ower. Flow was split in an approximate 8:1 ratio. In this
configuration, the reactor with the Russian catal ysts was exposed
to approximately the sane nass flux as the catalysts in the
standard unit. The catal yst carriers were honeyconb-like 7.5 X
7.5 x 15(cm) nonoliths with a square cross section normal to
flow. The cross-sectional area of the Russian catal yst nonolith
was approxi mately one-tenth of the cross-sectional area normal to
fl ow of the standard catal ysts. A thernocouple and a sanpl e probe
were installed after each of the catal yst stages. The reactor
body was insulated to | essen heat |oss.

The tenperature of the standard catalyst (at the inlet) was
typically 50 to 60 °C | ower than that of the first stage of the
Russi an catal yst during the sane sweep. The standard reactor
typically operates with a gas inlet tenperature of approximtely
270 °C and conversion of NO¢ is typically held at |ess than 50%
and neets the MSE em ssions permt. However, the unit is capable
of a design conversion rate of nore than 95%

The sanples for analysis of NOp, NO and NH3 were taken with



100: 1 dilution probes at the conbined inlet to both reactors and
also at the exit of the first standard catal yst. Each of these
sanpl es was anal yzed wth a dedi cated Therno Environnent al

I nstrunents, Inc. analyzer.

The performance of Russian |1 C 47 catalyst was simlar to the
performance of a standard catalyst for both NH3 and NO¢ at all
conditions. The best results on this catal yst were obtained at a
tenperature of 372 °C, with a ration of 1:1 NH3:NO, and a NOy
concentration of approximtely 3,500 ppmv ( 3,217 ppnv of NO).
The renoval efficiency of NO was 95.9% NOy - 96.5% and the
renoval efficiency of NH3 was 88.5% The total renoval
efficiency of NO; was 96%

The standard catal yst denonstrated 91.9% 99.3% and 86. 3% for
t he same nitrogen conpounds. Both unused and spent |C 47

catal ysts passed the TCLP anal ysis denonstrating that the
catalyst is environnmentally benign for the landfill disposal.

The 1C-44/1-700 catal yst based on a m xture of zinc, chrom um
and iron oxi des that have been inpregnated with copper perforned
at approximately 80%to 90% of a standard catal yst, but failed to
pass the TCLP anal ysis for chrom um (show ng approxi mately 7.66
mlligrams per liter (nmg/L), which is above the TCLP [imt of 5

ng/L).

The 1 C-45 catalyst formulation is considered to be the nost
environmental |y benign as conpared to the fornul ati ons of the

ot her catal ysts tested and based on its TCLP anal ysis results.
However, the relative performance of the catal yst was only 40%to
50%



